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Purpose: The aim of the study was to investigate surgical indication and long-term 
outcome of carotid endarterectomy (CE) in young adults. 
Methods: Between 1973 and 1990, 1693 patients underwent CE. Forty-nine patients 
(group 1) 35 to 45 years of age who had carotid artery stenosis greater than 70%, formed 
the basis for the analysis. They were compared with two additional groups of patients 
older than 45 years of age selected from the entire series. Group 2 was randomly chosen 
to determine differences in risk factors, associated diseases, operative indications, preop- 
erative findings, and outcome. Group 3 was matched with patients in group I for sex, risk 
factors, associated diseases, preoperative findings, and operative indications to assess the 
importance of age in determining the short- and long-term outcome of CE. 
Results: Postoperative mortality, cerebrovascular accidents, and cardiac omplications in
patients of group 1 (2%, 2%, and 2%, respectively) were similar to those of the other 
groups (p = NS). During the follow-up (76.7 -+ 3.6 months; range, I to 120 months) the 
incidence of strokes and transient ischemic attacks in group 1 was lower than in group 2 
(p < 0.05) but similar to group 3 (p = NS). Ten-year disease-free intervals were 75.7%, 
58.7%, and 77.6%, respectively, for groups 1, 2, and 3. Mortality rate unrelated to
cerebrovascular disease was similar between group 1 and group 3 (p = NS) but was 
higher in group 1 than in group 2 (p < 0.02). Ten-year survival rates were 46.1%, 71.7%, 
and 55.5%, respectively, for group 1, 2, and 3. 
Conclusions: CE in patients younger than 45 years of age is a safe procedure with low 
operative risks and good disease-free intervals. However, life expectancy is poor because 
of the high incidence of deaths resulting from complications of atherosclerosis. (J Vase 
Surg 1997;25:464-70.) 
Despite the fact that the mortality rate from 
stroke has been declining, stroke remains the third 
leading cause of death in United States and an im- 
portant cause of hospital admission and long-term 
disability in most industrialized countries. Cerebral 
infarction in fact accounts for 10% to 12% of all 
deaths in Western populations, and 88% of the 
deaths attributed to stroke are among people older 
than 65 years of  age)  
Patients younger than 45 years of age very rarely 
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have transient ischemic attacks (TIA) or strokes. 2-4 
Thrombi or vegetations from a cardiac source, hema- 
tologic disorders, and nonatherosclerotic lesions ac- 
count for up to two thirds of cases? ,s,6 Good long- 
term outcome and a low mortality rate (1% per year) 
resulting from the progression of the underlying dis- 
eases are generally reported. 2,6,7 
Atherosclerotic arotid lesions in young adults 
are rare, but their prognosis is poor because of  mor- 
tality and stroke recurrence rates increasing to 20% 
after an average of 5 to 6 years of follow-up. 7
At present carotid endarterectomy (CE) is appro- 
priate regardless of  age when a patient is affected with 
a carotid artery lesion greater than 60%. 8q° How- 
ever, the value of this procedure in young adults 
affected by atherosclerotic lesion of the internal ca- 
rotid artery has not been yet investigated. Our report 
describes the long-term outcome of a series of pa- 
tients younger than 45 years of age submitted to CE 
for high-grade internal carotid artery stenosis. 
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MATERIAL AND METHODS 
Between 1973 and 1990, 1693 patients under- 
went 1875 CEs for carotid artery stenosis at our 
institution. 
Forty-nine (2.9%) patients (group 1) were 
younger than 45 years of age and form the basis for 
the analysis. They were compared with two addi- 
tional groups of patients older than 45 years of age 
selected from the entire series. Patients in group 2 
were randomly chosen to determine differences in 
risk factors, associated diseases, operative indications, 
preoperative findings, and outcome. Patients in 
group 3 were matched with those in group 1 for sex, 
risk factors, associated iseases, preoperative find- 
ings, and operative indications to assess the impor- 
tance of age in determining the short- and long-term 
outcome of CE. 
Postoperative workup consisted of Duplex scan 
investigations performed every 6 months. Postoper- 
ative neurologic status was evaluated by neurologists, 
and data were collected from the outpatients' charts. 
Characteristics of patients younger than 45 
years of age. There were 31 men (63.3%) and 18 
women (36.7%). The age range was between 35 and 
45 years, and the mean age was 40.4 + 0.5 years 
(median, 40 years). 
Four patients (8.1%) underwent bilateral CE, ac- 
counting for the 53 procedures performed. Ten pro- 
cedures (18.9%)were performed from 1975 to 1979, 
20 procedures (37.7%) from 1980 to 1984, and 23 
procedures (43.4%) from 1985 to 1990. 
Risk factors included tobacco use in all patients, 
diabetes (insulin-dependent or non-insulin-depen- 
dent) in 12 (24.5%), cardiac diseases (previous myo- 
cardial infarction, stable or unstable angina, ST alter- 
ations) in 27 (55.1%), hypertension (diastolic pressure 
greater than 90 mm Hg) in 42 (85.7%), renal dis- 
eases (creatinine l vel greater than 1.5 mg/dl, creat- 
inine clearance less than 50 ml/min) in 6 (12.2%), 
pulmonary diseases (pulmonary function testing 
[PFT] less than 80% of predicted) in 5 (10.2%), and 
hyperlipidemia n 21 (42.8%). Associated iseases 
were represented by peripheral arterial disease in 7 
(14.3%) patients, obesity (referred to body weight 
exceeding 20% of ideal) in 12 (24.5%), and alteration 
in coagulation assay in 6 (12.2%). 
Clinical manifestations consisted of TIA in 24 
cases (45.3%), temporary stroke with full recovery in 
5 (9.4%), and major permanent stroke in i (1.9%). In 
23 cases (43.4%) the carotid stenosis was completely 
asymptomatic. Nonhemispheric symptoms were 
never ecorded. 
Before surgery all patients were evaluated with 
selective angiography of cerebral vessels including 
the intracranial rteries and cerebral computed to- 
mographic scan. Angiographic data were reviewed 
independently b two surgeons (P. S. and A. M.) 
who performed the study. The degree of internal 
carotid artery stenosis was determined by comparing 
the diameter of the internal carotid artery at its nar- 
rowest portion with the widest diameter of the distal 
segment. Angiography always demonstrated an in- 
ternal carotid artery stenosis >70% (mean, 84% :-+ 
4%; median, 84%; range, 71% to 99%). In one (1.9%) 
case an associated intracranial vessel disease was also 
observed. 
All operations were performed with the patients 
under general anesthesia with systemic anticoagula- 
tion and full cardiovascular monitoring. Endoarter- 
ectomy followed by primary closure of the arteriot- 
omy was performed in all instances. Shunt was used 
in 35 cases (66%). The mean interval separating the 
contralateral CE was 5 -+ 0.5 days. 
Characteristics of comparison groups. Group 
2 is represented by 150 patients older than 45 years 
of age. Demographic and preoperative data of group 
2 arc reported in Tables I and II. Twenty-two pa- 
tients underwent a bilateral CE, making for a total of 
172 procedures performed. 
Group 3 consisted of 130 patients. The mean age 
was 69 _+ 0.2 years (median, 69 years). Ten patients 
were submitted to a bilateral CE. A total of 140 
procedures were performed. 
STATISTICAL ANALYSIS 
Data were entered into a computer spreadsheet 
(Microsoft Excel for Windows version 5.0, 1985-93; 
Microsoft Co.). Retrospective stratified randomiza- 
tion and matching were performed with the software 
packages SPSS for Windows (SPSS Inc. Chicago, Ilk, 
basic and advanced program version 6.1, 1994) run- 
ning on Zenith, Data System, Z-Select PT computer 
(Zenith Data System, Co.). Statistical comparisons 
were obtained either by Fisher's exact test or a X 2 
test. All values are expressed as mean _+ SEM. Sur- 
vival and disease-free intervals rates were assessed by 
the Kaplan-Mcier method. Comparison between 
curves was performed by a log~rank test. A p value 
less than 0.05 was the criterion for significance. 
RESULTS 
CE in patients younger than 45 years represented 
2.8% of the 1875 CE performed at our institution 
during the past 20 years. Thirty-day mortality and 
morbidity results included one postoperative death 
caused by myocardial infarction, one postoperative 
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Table  I. Demographic data 
Group 1 (n = 49) (%) Group 2 (n = 150) (%) Group 3 (n = 130) (%) 
Age (yr) 40.4 + 0.5 67.2 _+ 0.5 69 -+ 0.2 
Sex 
Male 31 (63.3) 113 (75.3) 87 (66.9) 
Female 18 (36.7) 37 (24.7) 43 (33.1) 
Risk factors 
Tobacco use 49 (100)* 128 (78)* 130 (100) 
Diabetes 12 (24.5) 29 (19.3) 33 (25.4) 
Cardiac 27 (55.1)t 52 (34.7)t 70 (53.9) 
Hypertension 42 (85.7)~ 93 (62)~ 108 (83.1) 
Renal 6 (12.2) 17 (11.3) 15 (11.5) 
Pulmonary 5 (10.2) 20 (13.3) 14 (10.8) 
Hyperlipidemia 21 (42.8) 45 (30) 58 (44.6) 
Associated diseases 
Lower limb arterial disease 7 (14.3) 18 (12) 21'(16.1) 
\ Obesity 12 (24.5) 27 (18) 28 (21.5) 
Coagulopathy 6 (12.2) 16 (10.6) 14 (10.8) 
*p < 0.01.. 
tP < 0.02. 
~:p < 0.005. 
Table II. Indications for CE 
Group 1 (n = 53) (%) Group 2 (n = 172) (%) Group 3 (n = 140) (%) 
Hemispheric symptoms 
TIA 24 (45.3) 88 (51.2) 66 (47.1) 
TS 5 (9.4) 20 (11.6) 12 (8.6) 
MPS 1 (1.9) 6 (3.5) 4 (2.9) 
Nonhemisphefic symptoms 
TIA 0 (0.0)* 25 (14.5)* 0 (0.0) 
TS 0 (0.0) 9 (5.2) 0 (0.0) 
MPS 0 (0.0) 8 (4.6) 0 (0.0) 
Asymptomatic 23 (43.4)t 16 (9.3)t 58 (44.4) 
Angiographic findings 
% ofICA stenosis 84 + 4 75 + 8 83 _+ 4 
Bilateral involvement 4 (8.2) 22 (14.7) 13 (9.3) 
Intracranial occlusive disease 1 (1.9):~ 32 (18.6):~ 3 (2.1) 
Vertebrobasilar occlusive disease 0 (0.0)§ 26 (15.1)§ 0 (0.0) 
Contralateral ICA occlusion 0 (0.0) 20 (11.6) 0 (0.0) 
TIA, Transient ischemic attacks; TS, temporary stroke with full recovery; MPS, major 
*p < 0.008. 
tP < 0.0Ol. 
~p < 0.005. 
§p < 0.004. 
Ih0 < 0.03. 
permanent s roke; ICA, internal carotid artery. 
stroke caused by internal carotid artery thrombosis 
substaining permanent cerebral deficits, and one 
neck hematoma that required surgical evacuation. 
No  deficits o f  cranial nerves were observed. These 
features represent a 2% mortality rate, a 2% stroke 
rate, and a 4% combined mortality and stroke rate 
within 30 days o f  operation. The postoperative hos- 
pital stay averaged 5 2 0.3 days. 
Long-term follow-up was available for all patients 
for an averageof76.7 + 3.6 months (range, 1 to 120 
months). Seven (14.6%) patients had a T IA  after 12, 
34, 45, 50, 58, 63, and 74 months, and two (4.2%) 
had a temporary stroke with full recovery after 58 
and 79 months, respectively. Another patient (2.1%) 
required a reoperation after 58 months for an asymp- 
tomatic but >90% restenosis o f  the internal carotid 
artery. An autologous aphenous vein patch was re- 
quired to close the arteriotomy. 
Fifteen (31.2%) patients died of  unrelated causes 
without having neurologic events: nine for myocar- 
dial infarction (at 24, 35, 50, 55, 58, 62, 63, 74, and 
81 months),  four for cancer (at 52, 61, 70, and 92 
months),  and two for complications of  diabetes (at 
94 and 108 months). 
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Furthermore during the study period 10 (21%) 
patients had lower extremity occlusive disease, and 
eight were submitted to vascular econstructions. 
Five- and 10-year survival rates were 85.2% and 
46.1%, respectively, whereas TIA and stroke-free 
rates were 84.7% and 75.7%, respectively. 
Comparative r sults. Patients in group 1 had a 
significantly higher incidence in smoking habit, hy- 
pertension, and severe cardiac diseases when com- 
pared with patients in group 2 (p < 0.01, p < 0.005, 
and p < 0.02, respectively). No statistical differences 
were observed regarding the other risk factors and 
associated iseases. However, aslight increase in the 
incidence ofhyperlipemia w s noticed (Table I). 
In group 1 there was a higher percentage of 
patients without symptoms when compared with 
group 2 (p < 0.001). Grade of symptoms was similar 
in the two groups, but patients in group 2 also 
presented with nonhemispheric symptoms never ob- 
served in group 1 (p < 0.008) (Table II). 
Patients in group 2 presented with an internal 
carotid artery stenosis ranging from 60% to 99% 
(mean, 75% + 8%; median, 74%), similar to group 1 
(p = NS). However, a higher incidence of intracra- 
nial occlusive disease, severe occlusive disease of the 
vertebrobasilar vessels, and contralateral internal ca- 
rotid artery occlusion was observed (p < 0.005, p < 
0.004, and p < 0.03, respectively) (Table II). 
Table III. Postoperative course 
Group 1 Group 2 Group 3 
(%) (%) (%) 
Operative mortality 1 (2) 3 (2) 3 (2.3) 
Strokes 1 (2) 4 (2.6) 4 (3.1) 
TIA 0 (0.0) 4 (2.6) 1 (0.8) 
Cardiac complications* 1 (2) 2 (1.3) 2 (1.5) 
Minor complications 1 (2) 4 (2.6) 3 (2.3) 
(wound dehiscence 
or infection, neck 
hematoma) 
*Perioperative deaths are also included. 
Postoperative mortality, strokes, TIA, and cardiac 
complications were similar among roups 1, 2, and 3 
(Table III). In the matched group (group 3) three 
(2.3%) postoperative d aths (two myocardial infarc- 
tions and one pulmonary edema), four (3.1%) 
strokes (three patients recovered rapidly and com- 
pletely, whereas the fourth sustained a left hemiple- 
gia that partially improved after 4 months), and one 
(0.8%) TIA were recorded, and nO statistical differ- 
ences were observed with group 1. Minor complica- 
tions were also recorded in a similar percentage 
among the groups (p = NS) (Table III). 
Figs. 1 and 2 show the survival rates and the 
disease-free intervals (i.e., absence of neurologic 
symptoms and proven TIA or strokes). During fol- 
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Table IV. Causes of deaths occurred uring follow-up 
Group 1 (%) Group 2 (%) Group 3 (%) Significance 
Myocardial infarction 9 (60.0) 8 (38.1) 18 (47.4) p = NS 
Cancer 4 (26.7) 8 (38.1) 12 (31.6) p = NS 
Diabetes 2 (13.3) 2 (9.5) 4 (10.5) p = NS 
Trauma 0 (0.0) 2 (9.5) 3 (7.9) p = NS 
Renal failure 0 (0.0) 1 (4.8) 1 (2.6) p = NS 
low-up 11 patients of group 2 and 8 of group 3 were 
lost at a mean interval of 38 +- 1.9 months and 26 - 
1.4 months, respectively. In group 3 (mean, 66.0 --- 
2.8 months; range, 1 to 120 months) we recorded 
38 (29.9%) deaths unrelated to cerebral disease (Ta- 
ble IV), 7 (5.5%) strokes (3 temporary strokes with 
full recovery, 2 permanent minor strokes, 1 perma- 
nent major fatal stroke), and 15 (11.8%) TIA. No 
differences in the incidence of unrelated eaths and 
neurologic events were recorded between groups 1 
and 3 (p = NS and p = NS, respectively). In group 2 
(mean follow-up, 69.8 --- 2.6 months; range, 1 to 
120 months) we observed a significantly lower inci- 
dence of unrelated eaths (21% to 14.3%, p < 0.02) 
(Table IV) and a higher incidence of strokes (18% to 
12.2%) and TIA (38% to 25.8%) (p < 0.05) when 
compared with group 1. Overall 10-year survival 
rates were 46.1%, 70.7%, and 55.5%, respectively, for 
groups 1, 2, and 3, whereas 10-year disease-free 
intervals rates were 75.7%, 58.7%, and 77.6%, respec- 
tively, for groups 1, 2, and 3. 
During the study period the incidence of internal 
carotid artery restenosis was similar among the 
groups (15 cases, 10.4%, 12 cases, 8.2%, 15 cases, 
11.7%, respectively), and a reoperation was required 
in one (2.1%), three (2%), and four (3.1%) cases of 
group 1, 2, and 3, respectively. Furthermore, 5
(3.9%) patients of group 2 and 6 (4.1%)~of group 3 
had lower limb occlusive disease that always required 
vascular reconstructions. These features were signifi- 
cantly different from those we observed in patients 
younger than 45 years (p < 0.0002 and p < 0.0002, 
respectively). 
DISCUSSION 
Indication to surgery has been already stated in 
patients with and without symptoms affected by a 
high-grade carotid artery stenosis. 
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The North American Symptomatic Carotid End- 
arterectomy Trial demonstrated that among patients 
with symptoms who have high-grade stenosis (70% 
to 99%) of the internal carotid artery, those who 
undergo CE have a significant reduction in the risk of 
ipsilateral stroke, s Similar results have been also re- 
ported from the European Carotid Surgery Trial. 9 In 
this study, however, it was also pointed out that 
postoperative mortality and morbidity rates of CE in 
patients affected by symptomatic mild stenosis (0% to 
30%) outweigh any potential long-term benefit. Sur- 
gical indication for symptomatic carotid stenosis rang- 
ing from 30% to 69% has not been yet standardized. 
The Asymptomatic Carotid Atherosclerotic 
Study reported a 53% relative risk reduction for ipsi- 
lateral stroke in patients without symptoms who had 
60% to 99% internal carotid artery stenosis treated 
with CE plus medical therapy versus those treated 
with medical management alone, l° Therefore, the 
Asymptomatic Carotid Atherosclerotic Study dem- 
onstrated a benefit of prophylactic CE for stroke 
prevention in patients without symptoms affected by 
high-grade internal carotid artery stenosis. 
Several studies have investigated the short- and 
long-term results of CE in elderly patients, demon- 
strafing that older age is not a contraindication to
surgery. In fact low operative risks and excellent 
long-term results have been reported in patients 75 
years of age and older. TM 
At present, no studies have been focused on 
safety and long-term outcome of CE performed in 
young adults for asymptomatic or symptomatic n- 
ternal carotid artery stenosis. 
Strokes in young adults, usually caused by car- 
diac, hematologic, and nonatherosclerotic diseases, 
are relatively uncommon, and their prognosis is fa- 
vorable. A 5.2% cumulative mortality and morbidity 
rate has in fact been reported after 3 years? How- 
ever, when strokes are due to atherosclerotic lesions 
of the carotid arteries, there is a higher isk for related 
death with a 5-year mortality rate ranging from 15% 
to 20% and a 5-year stroke recurrence rate of 
20%.13,14 
Our study pointed out that young patients af- 
fected with atherosclerotic carotid lesions have a 
more aggressive and generalized isease. This is due 
to a higher prevalence of risk factors and probably to 
genetic influences. 
Our patients in fact had a long history of heavy 
cigarette use (more than two packs per day) and were 
affected by hypertension and hyperlipidemia in 
85.7% and 42.8% of cases, respectively. Furthermore 
they had a higher incidence of cardiac disease and 
during the follow-up frequently had lower limb oc- 
clusive disease with respect o the other two groups 
of patients. Despite the low operative mortality rate 
during the follow-up, young adults died mainly of 
myocardial infarction, with cancer being the second 
most frequent cause of death. 
However, carotid disease in young adults was 
fimited to a prevalent single carotid axis involvement 
without intracranial or vertebrobasilar theroscle- 
rotic lesions, and it was mostly asymptomatic. These 
findings may explain the lower rate of long-term 
cerebrovascular accidents in young adults and in the 
matched group, On the other hand, carotid disease 
was more generalized in the randomized group with 
the involvement of several extracranial nd intracra- 
nial vessels and was symptomatic in more than 90% of 
cases, thus probably causing the higher rate of neu- 
rologic events recorded uring follow-up. 
Coronary disease caused most of the unrelated 
deaths in all groups. However, it affected young 
adults more severely than matched and randomized 
patients and was responsible for the lower long-term 
survival rates. In the matched group heart-related 
mortality was higher when compared with the ran- 
domized group, although it did not reach statistical 
significance. 
The reasons for the different distribution and 
virulence of the atherosclerotic process with respect 
to age, risk factors, and associated iseases are un- 
clear. 
This series provides evidence that despite a short 
life expectancy resulting from atherosclerotic compli- 
cations, CE in young populations i a safe procedure. 
Because of the devastating effect of stroke on young 
people and an important increase in health care cost, 
our results support a deeper interest in reporting 
prospective data on this segment of the population to 
better define operative indications and long-term re- 
sults. 
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